In order to investigate the influence of the environment on the supernova (SN) production we have performed a statistical investigation of the SNe discovered in isolated galaxies, in pairs and in groups of galaxies. 22 SNe in 18 isolated galaxies, 48 SNe in 40 galaxies members of 37 pairs and 211 SNe in 170 galaxies members of 116 groups have been selected and studied.
INTRODUCTION
The stellar content and the history of the star formation (SF) are the key parameters determining the evolution of galaxies. In this respect the determination of the star formation rates (SFRs) in the galaxies is a first step toward the characterization of different systems.
Among the various methods conceived to estimate the SFRs in galaxies the most widely used are based on the integrated colors, the emission lines, the UV and FIR luminosities (e.g. Kennicutt 1998) .
It is often claimed that different factors enhance the star formation in galaxies above the average value for the given morphological type. In particular, several authors have proposed gravitational interaction as a possible SF triggering mechanism. Evidences in this respect come from statistical studies showing that the fraction of interacting galaxies is ⋆ e-mail: hripsime@bao.sci.am † e-mail: turatto@pd.astro.it higher than average in Markarian objects (e.g. Heidmann & Kalloghlian 1973 , Keel & van Soest 1992 . Further the peculiar colors of interacting systems are attributed to the occurrence of bursts of star formation (e.g. Larson & Tinsley 1978 , Kennicutt et al. 1987 . Finally, IRAS observations have shown that interacting systems emit a higher infrared luminosity than isolated ones which can be combined with the knowledge that very luminous infrared galaxies have experienced strong nuclear starburst (e.g., Soifer et al. 1984 , Sanders et al. 1988 , Melnick & Mirabel 1990 , Wu et al. 1998 . Detailed investigations of the relation between interaction and star formation show that most of star formation takes place in the central regions of the galaxies (e.g. Hodge 1975 , Arp 1973 , Laurikainen & Moles 1989 , Petrosian & Turatto 1995 , Laurikainen, Salo & Aparicio 1998 and in the tidal streams (e.g. Schombert, Wallin & Struck-Marcell 1990 , Thronson et al. 1989 ). Whether SF is stimulated also in less dense environments such as compact groups of galaxies is still questioned. For instance, Moles et al. (1994) find a slight enhancement of SF in the galaxies members of com-pact groups, while Iglesias-Paramo & Vilchez (1999) do not confirm such finding.
It is now widely accepted that most SNe can be assigned to two main physical classes, core collapse (type II and Ib/c SNe) and thermonuclear explosions (type Ia SNe).
The rates per unit blue luminosity of type Ia SNe, were found to increase (Oemler & Tinsley 1979 , Cappellaro et al. 1993b , 1997 or at least to remain constant (Cappellaro, Evans & Turatto 1999) moving from early to late type galaxies. Because in late spirals there is a significant contribution to the blue luminosity by young stellar population this immediately implies that the average age of SNIa progenitors in spirals is shorter than in ellipticals. Kochhar (1989 Kochhar ( , 1990 has suggested that all SNIa are short-lived stars, hence that early type SN host galaxies have on-going star formation. However, Turatto, Cappellaro & Benetti (1994) showing that the rate of SNIa in ellipticals does not depend on the gas or dust content, did not confirm this conclusion.
Type II SNe originate from young massive stars associated to the ongoing process of star formation (e.g. Branch et al. 1991) and this is why they appear concentrated in star forming sites (e.g. Maza & van den Bergh 1976 , Bartunov, Tsvetkov & Filimonova 1994 , Van Dyk 1992 , Van Dyk , Hamuy & Filippenko 1996 , Van Dyk et al. 1999 . The discovery of intermediate cases (e.g. SN 1993J) sharing the properties of SNII at early time and those of SNIb in the nebular phase is the observational proof that also SNIb/c are also related to massive progenitors. Cappellaro et al. (1999) have shown that the rate of core-collapse SNe is related to the FIR excess and to the color of galaxies, justifying the use of the rate of core collapse SNe as SF indicators.
Following the approach of Turatto, Cappellaro & Petrosian (1989) and Petrosian & Turatto ( 1990 , 1992 , in this paper we will use the rates and the locations of SNII and Ib/c in order to study the relation between the star formation in galaxies and the galaxy environment, in selected samples of isolated galaxies, pairs of galaxies and groups. The same study is performed also for Ia type SNe.
The samples of SNe in isolated galaxies as well as in members of pairs and groups of galaxies are presented in Section 2. The rates, radial and azimuthal distributions in the parent systems along with the results of the Multivariate Factor Analysis are analyzed and discussed in Section 3. Conclusions are drown in Section 4.
Through this article we have assumed for the Hubble constant a value of H0 = 75 km s −1 Mpc −1 .
THE SAMPLES
The selection of the samples has been done by crossing a working version (updated to mid 1998) of the Asiago Supernova Catalogue (Barbon et al. 1984 (Barbon et al. , 1989 (Barbon et al. , 1999 , hereafter ASC) with:
(i) the catalogue of Isolated Galaxies ( Karachentseva 1973 , hereafter KIG ),
(ii) the Catalogues of isolated pairs of galaxies in the northern and southern hemispheres (Karachentsev 1972 , Reduzzi & Rampazzo 1995 hereafter KPG , RRPG respectively) (iii) the Catalogue of Nearby Groups of Galaxies (Garcia 1993, hereafter LGG).
It turns out that 22 SNe have been discovered in 18 isolated galaxies. Table 1 summarizes the main data for these SNe and their parent galaxies. In the first column is the galaxy running number according to KIG and in column 2 is the most common identification for the galaxy. In column 3 and 4, respectively, is the morphological type and the activity class as reported in NED. When for the same object alternative activity classifications are given in the literature (Seyfert (Sy) or Liner (L)) we preferred the Sy classification. Column 5 reports the absolute blue magnitude (MB) of SN host galaxy from the Lyon-Meudon Extragalactic Database (LEDA). Logarithmic ratios of the FIR to B luminosities of SNe host galaxies (log(LF IR /LB )) are listed in column 6 where the FIR luminosity was computed according to Lonsdale et al. (1985) . SN designations and classifications from ASC are presented in columns 7 and 8, respectively. The relative distance of the SN from the center of parent galaxy corrected for the tilting of the galaxy along the line of sight (R0/R25, McCarthy 1973) is in column 9. The last column 10 reports individual notes. It is worth noting that because of the different criteria used, two galaxies of the isolated sample belong also to the groups as defined by Garcia (1993) .
In isolated galaxies out of 22 SNe, 14 are type II+Ib/c, 4 are type Ia and 4 are unclassified. 55% of the SNe discovered in spirals have barred hosts. 18% of hosts have Sy nuclei which become 22% if we include also Liners. Table 2 lists the 48 SNe discovered in 40 galaxies members of 37 pairs of galaxies. The first six columns of Table  2 contain the same information as in Table 1 while Column 7 lists the logarithmic ratio of the blue luminosity of the SN host galaxy to that of its neighbor. Velocity differences of the members of the pairs are given in Column 8. In order to take only physical systems we have excluded all pairs for which the velocity difference between the components is higher than 500 km s −1 or is unknown. Columns 9, 10 and 11 of Table 2 respectively are the same with Columns of 7,  8, 9 of Table 1 . In addition, Column 12 lists the ratio of the projected distance of SN from the center of its host galaxy to the projected distance of the pair members. Column 13 reports the position angle (PA) of the SNe with respect to the line connecting the center of the parent galaxy to its neighbor. The PAs are calculated clockwise with the neighbor placed at 180
• . Notes are presented in Column 14 . In pairs of galaxies out of the 48 SNe 9 are type Ia, 19 are type II+Ib/c and the remaining are either type I or unclassified. A bar is present in the 65% of the spiral parent galaxies. In this sample, 8% of the SNe occurs in active nuclei hosts (19% with Liners). SNe are discovered more frequently in the luminous component of the pairs (72 % of cases) than in the fainter one.
Finally, we have identified SNe discovered in groups of galaxies. The group definition was taken according to the "hard criterion", i.e. Huchra-Geller percolation, Tully hierarchical and 2D wavelet methods (Garcia 1993) . The crossing produced a list of 211 SNe discovered in 170 galaxies members of 116 groups (Table 3 ). In Table 3 Columns 1, 2 and 3 report Garcia's designations, group member counts and mean morphological class (MMC) of groups. The MMC was calculated as MMC = Xi/N , where N is the num- Table 2 . Known SN hosts among pair member galaxies. LGG339 (8) ber of galaxies in the groups and Xi is a code describing the morphological type of ith galaxy. Elliptical galaxies correspond to 1, S0 to 2, Spirals and Irregulars to 3 and 4, respectively. In Column 4 is the standard deviation of heliocentric radial velocities of group members expressed in km s −1 . Columns 5, 6, 7, 8 and 9 respectively are the same as Columns 2, 3, 4, 5 and 6 of Table 1 . The logarithmic ratio of the blue luminosity of the SN host galaxy to that of the most luminous member of the group is in Column 10. Column 11 is the ratio of the distance of the SN host galaxy from the geometrical center of the group to the group radius. The latter computed as the distance of the most distant member from the geometrical center of the group. Columns 12, 13 and 14 are the same with Columns 7, 8 and 9 of Table 1 . In Column 15 of Table 3 is the position angle (PA) of the SN with respect to the line connecting the geometrical center of group to the SN host. PA is calculated clockwise with the geometrical center placed at 180
• . Column 16 are notes.
In this sample 65 SNe are classified as type Ia, 84 SNe as type II+Ib/c and 62 SNe are unclassified. 59% of SNe are in spirals hosts with barred structure. 14% of SNe hosts have active nuclei (18 % if we include Liners). 36% of SNe occurred in the most luminous galaxies of the groups.
It is worth noting again that, because of different selection criteria, the KIG and KPG (+RRPG) samples have significant intersection with the Garcia's groups. In particular, about 50% of the isolated pairs are the seeds of larger LGG aggregations.
ANALYSIS AND DISCUSSION
3.1 The properties of the host galaxies Table 4 presents the mean values and standard deviations of the absolute blue magnitudes (< MB >) and morphological types (< T >) of SNe host galaxies for the different systems. It appears that there are not significant differences (significance level of 95%) among the means of blue luminosity of host galaxies of core collapse SNe in different environments. Instead, the average absolute blue luminosity of parent galaxies of type Ia SNe in pairs is significantly higher (significant level p=0.01 or 99.1%) than in other systems. We could not find an obviuos explanation for this finding, though we should be wary of the small statisics. Indeed of the 9 SN Ia in paired galaxies, two were discovered in the giant galaxy NGC1316 (MB = 22.11). Not significant differences appear in the mean morphological types of parent galaxies of all types of SNe in different environments. As expected the morphological types of the hosts of core collapse SNe is more advanced than those of type Ia. Indeed, type II+Ib/c SNe occurs only in late type galaxies while SNIa occurs in all kind of galaxies (Barbon et al. 1999 ).
The location of the SNe inside the host systems
The small statistics in the samples of KIG and KPG+RRPG does not allow the comparison of the radial distributions between the two SNe types in pairs. Where we have sufficient statistics as in the case of the LGG, a two-sample Kolmogorov-Smirnov (K-S) test does not show any difference between SNe Ia and SNe II+Ib/c (significance level of 95%) in the distributions of the relative radial distances -R0/R25, corrected for the inclination along the line of sight (McCarthy 1973) . A similar result was found by Bartunov et al. (1992) who showed that SNIa and SNII in a general sample of galaxies have similar gradients in the relative radial distributions and similar scale lengths.
We then compared the radial distributions of the core collapse SNe in the three samples defined in Sect. 2 with that of the reference sample of Bartunov et al. (1992) containing 121 objects (Figure 1 ). The two sample K-S test shows that all the distribution come from the same population indicating that the star forming regions in galaxies with different environments have the same radial distribution.
This result is at variance with the results by Petrosian & Turatto (1995) for the core collapse SNe in strongly interacting systems. A new computation with better statistics has shown that the radial distribution of the SNeII in strongly interacting systems resembles that of our KPG sample. We Figure 1 . Histograms of the relative radial distributions of the SNe in isolated parent galaxies (KIG), pairs of galaxies (KPG+RRPG) and Garcia's groups. The relative radial distances have been corrected for the inclination along the line of view as McCarthy (1973) . Long dashed line is the radial distribution in the reference sample of SNe from Bartunov et al. (1992) .
conclude that if the interaction triggers star formation in the central regions of the galaxies, this is too close to the nucleus to be detected by most current SN searches.
The SNe azimuth distributions in the galaxy systems has been studied by measuring the SNe position angles relative to the companions. In galaxy pairs 23 SNe (45.1%) were located on the side of the host galaxy pointing to the companion (60% of SNe type Ia and 40% of type II+Ib/c). According to K-S tests the PA distributions of both types of SNe are not significantly different from the homogeneous one. Similar result was found in the closely interacting systems by Petrosian & Turatto (1995) .
A similar test has been performed for the location of SNe in the host galaxies relative to the geometrical center of the groups. 54.7% of type Ia SNe and 50.6% of type II+Ib/c SNe occur on the side of the geometrical center of the groups. Again a K-S test show no preferential direction in the SN distribution. This means that star formation inside the parent galaxies of SNe is not affected by local mass concentration. This is not surprising since we found no influence in the case of interacting neighbors.
The radial distributions (R0/R25) of the SNe located on the side of the companion in galaxy pairs and on the side Table 3 . Known SN hosts in groups member galaxies .44 ± 1.13 < T > 1.9 ± 3.3 4.7 ± 2.0 1.7 ± 2.6 5.0 ± 1.4 1.9 ± 3.5 4.1 ± 1.4
of the geometrical center in the groups were compared with the distributions on the opposite sides. Again no differences were found at 95% significance level. We investigated also the locations and properties of the host galaxies of SNe inside the groups. The radial distribution of SN parent galaxies with respect to the geometrical centers of the groups (RP /RGR) does not differ from the radial distribution of all other members of the groups. The distributions of the number of galaxies in the groups and the mean morphological class of the groups hosting SNe was compared with the distributions of all Garcia (1993) groups. Once more the distributions were similar and independent on SN type. We have therefore evidence that the mean properties of the groups hosting SNe are not different from others.
The fact that groups with multiple SNe are richer and have in average later morphological types, is consistent with the well known dependence of the SN production on galaxy type and luminosity.
3.3 The frequency of SNe in isolated galaxies, in isolated pairs and groups of galaxies According to the Tables 1, 2 and 3 the ratios of SN types, nIa/n (II+Ib/c) , in isolated parents, in members of pairs and groups of galaxies are equal to 0.29, 0.54, 0.78 respectively. Taken to face value this suggests a decrease of the massive progenitors population moving to denser environments. It is well known however that not all galaxies in the sky are equally surveyed for the detection of SNe and that selection effects play a crucial role in the SN discovery (e.g. Cappellaro et al. 1993a) . Therefore, the numbers above should not be taken as representative of the intrinsic rate of explosions of the different SN types. We have used the combined archives of five SN searches, namely the Asiago, Crimea, Calan-Tololo and OCA photographic surveys and the visual search by Evans, and computed SNe rates in the three samples following the prescriptions by Cappellaro et al. (1999) . This computation makes use of the control time method which has been introduced by Zwicky (1942) and revisited by several authors (Cappellaro & Turatto 1988 , van den Bergh, McClure & Evans 1987 , van den Bergh & McClure 1994 , Cappellaro et al. 1993 , 1997 . 254 isolated galaxies from KIG, 558 galaxies in pairs from KPG and RRPG, and 2596 galaxies from Garcia (1993) groups were surveilled in at least one of the afore mentioned SN searches. During the surveillance only two SNe were found in the sample of isolated galaxies, the type Ia SN 1993C and the type II SN 1969B. 17 were found in pairs, while 73 are the SNe detected by the searches in groups of galaxies.
The rates of SNe for each of the three samples are reported in Table 5 . The rates per unit of blue luminosity are expressed in SNu, where 1SN u = 1SN (100yr) −1 (10 10 L B ⊙ ). The numbers of SNe in each cell of Table 5 are reported in brackets. Following Cappellaro et al. (1997) , unclassified SNe were distributed among the three basic types according to the observed distribution in the given sample. In the last column 5 are the average rates after Cappellaro et al. (1999) . Because the same method has been used, these numbers are directly comparable. The indicated standard errors take into account the event statistics, the uncertainty on the input parameters and the bias corrections. The rates for the isolated galaxies are only nominal values (and no error is reported) since they are based on a single object per each SN type.
It results that the rate of SNe in pairs is systematically higher than in groups (by ∼ 60%) and in the average sample (by ∼ 40%) though, because of the relatively large uncertainties, this is not a solid conclusion. This is consistent with the similar finding of Smirnov and Tsvetkov (1981) which however did not account for the differences in surveillance time of the different galaxy samples.
As mentioned above, the fact that SNe are more frequent in the brighter components of the pairs and groups is consistent with the fact that in all galaxy types the SNe rate are proportional to the galaxy luminosity (e.g. Cappellaro et al. 1993a ).
Multivariate Factor Analysis
As a further, general exploration we applied the Multivariate Factor Analysis (MFA) method to our samples. The MFA is a statistical method for detection of correlation among a set of m initial variables measured on n objects through a reduced number (p < m) of linearly independent factors F 1, F 2...F p. The final aim of MFA is to reduce the number of independent variables (factors) required to account for the variance of a class of objects. This method has been used in astronomy by several authors (e.g. Whitemore 1984; Vader 1986; Patat et al. 1994; Petrosian & Turatto 1992 . A detailed description of MFA method can be found in Harman (1967) and Afifi & Azen (1979) .
The initial variables used for the isolated parent galaxies of SNe were the morphological type -T , the absolute magnitude of the SN parents -MB, the inclination of parent galaxy -IN C, a dummy parameter -AGN for the nuclear activity (dAGN=0 for normal and 1 for active nuclei), the logarithmic ratio -LogLF IR /LB, a dummy parameter -SN, for the SN type (dSN=1 for SNIa, 2 for core-collapse SNe, 1.5 for unclassified SNe) and the deprojected relative distances of SNe from the centers of parent galaxies -R0/R25.
The accumulated dispersion carried by the first three factors is about 66%. Adopting a correlation threshold of 0.7 we find that the first factor, F 1, correlates the morpho- logical type of SN host galaxies with the logarithmic ratio LogLF IR /LB, with early type galaxies having smaller IR excess, a well known finding for all galaxies. Factor two, F 2, correlates the relative distance R0/R25 of SNe and the absolute blue magnitude of the host galaxies with brighter galaxies hosting the more distant SNe from the nucleus. This is most likely a selection effect of SN searches. In magnitude limited samples, more distant galaxies are on average intrinsically brighter than nearby galaxies; at the same time, because of the Shaw effect, SNe in distant galaxies are discovered at higher distance from the nucleus (e.g. Cappellaro & Turatto 1997) . The third factor, F 3, accounts mainly for the SN type.
According to the theory of MFA the factors are orthogonal, hence the corresponding initial variables are independent. It means that for the isolated galaxy sample there is no relation between SN type, their radial distribution and the parameters of the host galaxy, in particular their FIR luminosity excess, which is thought to characterize their star formation activity.
If we exclude from the analysis the galaxy inclination, thus extending the sample also to non-disk dominated galaxies, only two factors have eigenvalues larger than 1. The first factor, F 1, correlates the nuclear activity type of SN host galaxies with the LogLF IR /LB with also a significant contribution from the morphological type. The second and third factors remain unaffected.
A similar factor analysis was conducted for isolated pairs using the same parameters described above, plus the logarithmic ratio of the blue luminosity of SN parent to that of the neighbor galaxy -LogLP /LN , the radial velocity differences -∆V , the ratio of the projected distance of SN from the center of parent galaxy to the projected distance between the two members of the systems -RSN /R1,2, and the dummy variable -PA, indicating the location of SNe with respect to the companion (0 when the SN is on the companion side, 1 otherwise).
The accumulated dispersion carried by the first four factors is about 68%. With the correlation threshold of 0.7 the first factor, F 1, is the combination of morphology, activity class and logLF IR /LB , and can be understood considering that early type galaxies host more frequently AGN and have smaller infrared excess than late type galaxies. F 2 accounts mainly for R0/R1,2. F 3 indicates a correlation between absolute blue magnitude and LogLP /LN , which results from the well known properties that SN rate per unit galaxy luminosity is a costant. F 4 accounts mainly for ∆V .
For the sample of SNe in groups we have added two variables characterizing the groups, i.e. the number galaxies in the group -NUMGAL, the standard deviation of the heliocentric radial velocities of the group members -SIGMA, and two variables characterizing the SN host galaxy in the context of the group, i.e the logarithmic ratio of its blue luminosity to that of the most luminous galaxy of the group -LogLP /LLG, and the distance of the host galaxy from geometrical center of the group relative to that of the most distant member of group -RP /RGR. In this analysis the dummy variable PA represents the SN location in the direction -1, or in the opposite direction -0, of the geometrical center of the group.
The accumulated dispersion for the first four factors is rather low, 60%. F1 combines two parameters of the group NUMGAL and SIGMA, with richer groups having higher velocity dispersion. F 2 correlates the absolute magnitudes of SNe parents, MB, and LogLP /LLG, due to the presence in both variables of the galaxy luminosity. F 3 accounts mostly for the morphological type of SNe hosts. No clear correlation appears from F 4.
Removing the galaxy inclination, i.e. considering all galaxy types, the first three factors remain unchanged while F 4 accounts only for PA.
Initial variables of orthogonal factors are independent, which means that in groups of galaxies there is no relation between type, location and distribution of SNe, total star formation activity in galaxies of a given type and the parameters of the groups.
A more general exploratory analysis has been performed by merging the three samples, considering the variables in common plus a dummy parameter describing the multiplicity of the parent system (1 for isolated, 2 for pairs and 3 for groups of galaxies). Three first factors loadings accumulated about 55% of the dispersion. F 1, is the morphological type of the SN host galaxies. F 2 correlates absolute blue luminosity of SNe hosts with AGN class of galaxies. F 3 is related to the dummy parameter describing different systems. It means that there is no correlation among the parameters characterizing SNe, their host galaxies and different systems of galaxies.
CONCLUSIONS
In order to investigate the influence of the environment on the star formation we have used as indicators the SNe exploded in isolated galaxies, in pairs and in groups of galaxies. Indeed, core collapse SNe which descend from massive, short-lived progenitors, explode only few millions years after the births of the progenitors and can be considered as probes of recent star formation activity ).
The samples, described in Sect. 2, were sufficiently large to derive SN rates, radial distributions inside the parent galaxies, and for SNe in multiple systems, also the locations inside the systems.
The mean morphological types and luminosities of the SN host galaxies in different systems are similar. Contrary to the case of core collapse SNe, the average absolute magnitudes of parent galaxies of SNIa is brighter in paired galaxies than in other systems. Currently, we have no interpretation for this finding.
We found that the rate of SNe in galaxies member of pairs is ∼40% higher than in the average galaxy and ∼ 60 higher than in galaxies member of groups. Although, due to the large uncertainties this is not a solid conclusion, we can speculate that the higher SN rate is consistent with the enhanced star formation rate in close interacting system and instead more mild interaction, as that occuring in groups, does not affect significantly the SF rate. We remark that since only a fraction of the galaxy pairs experience strong interaction, the effect on the complete sample is expected to be diluted.
Also the radial distributions of core-collapse SNe do not differ in various systems and are comparable to the radial distributions founds by Bartunov et al. (1992) on a general sample. The azimuthal distributions of SNe inside their parent galaxies in relation to the location of the neighbors in pairs and groups of galaxies does not reveal any effect. It must be noted that, because of observational limitations, our investigation does not probe the SN frequencies and distributions in the circumnuclear regions of the galaxies.
An extensive Multivariate Factor Analysis has been performed including parameters of the SNe, physical and geometrical parameters of the parent galaxies and of the environment. A number of known and/or obvious correlations have been pointed out. Anyway, no clear correlation has been revealed between the environment of the host galaxies and the hosted SNe.
We conclude, therefore, that there is no clear effect of the galaxy environment on the SN production, with the possible exception of strongly interacting systems, and that the properties of the host galaxies are the same in field and in denser surroundings. We also aknowledge the helpful comments of an anonymous referee.
